The large T antigens of polyomavirus and simian virus 40 (SV40) recognize and bind to Polyomavirus and simian virus 40 (SV40), two members of the papovaviruses, share a common virion architecture, genome structure and organization, and replication cycle. With some exceptions, this synonomy extends to the number, molecular weights, amino acid sequences, and functions of the viral-encoded proteins (13, 20, 42) . Nonetheless, important differences distinguish these viruses. They replicate in radically different hosts; polyomavirus multiplies in murine cells, and SV40 multiplies in simian cells. The products of their transcription units are not all identical; polyomavirus encodes one more early gene product (middle T antigen) than does SV40. There are sequence differences within the intergenic, regulatory regions of their genomes (20). The latter include not only alterations in primary DNA structure, but also differences in the organization of the viral control elements such as the origin for DNA replication (31), the early and late promoters (15, 24) , and the number and location of binding sites for regulatory proteins (15, 34) . We have begun to define the borders and to identify the important DNA sequences within these intergenic regulatory regions in polyomavirus and have compared their sequence and organization to similar control elements in other papovaviruses to derive general models for the initiation and regulation of DNA replication and transcription (24, 31, 34) . Because both viruses make extensive use of host cell machinery to implement these processes, we anticipate that what we learn about replication and transcription from studies of papovaviruses can be generalized to mammalian cells.
The large T antigens of polyomavirus and simian virus 40 (SV40) recognize and bind to specific, noncoding DNA sequences which are located between the beginning of the early and late transcription units in their respective genomes. Each large T antigen binds to multiple sites within this intergenic DNA stretch. Polyomavirus large T antigen binds to at least two sites within its DNA, and SV40 large T antigen binds to three sites within SV40 DNA. Comparison of the DNA sequences which comprise the binding sites in polyomavirus DNA or those which make up the binding sites in SV40 DNA has led to recognition of a common sequence, -GAGGC-, which is repeated within each large-T-antigen-binding site. We tested the hypothesis that repeats of this pentanucleotide form the recognition-binding site for polyomavirus and SV40 large T antigen. This was accomplished by measuring the binding of each large T antigen to both polyomavirus and SV40 DNA and to synthetic DNA substrates which did or did not contain repeats of the -GAGGC-sequence. Polyomavirus large T antigen bound to specific fragments of SV40 DNA, and SV40 large T antigen bound with specificity to polyomavirus DNA. In each case, the DNA fragments bound by the heterologous large T antigen were the same as those bound by the homologous large T antigen. Moreover, polyomavirus and SV40 large T antigen only bound to synthetic DNA substrates which contained repeats of the pentameric sequence. This synthetic DNA also competed effectively with native polyomavirus or SV40 DNA as a substrate in binding reactions with one or the other large T antigen. These results led us to conclude that repeats of the -GAGGC-sequence form the recognition-binding site for both polyomavirus and SV40 large T antigen.
Polyomavirus and simian virus 40 (SV40), two members of the papovaviruses, share a common virion architecture, genome structure and organization, and replication cycle. With some exceptions, this synonomy extends to the number, molecular weights, amino acid sequences, and functions of the viral-encoded proteins (13, 20, 42) . Nonetheless, important differences distinguish these viruses. They replicate in radically different hosts; polyomavirus multiplies in murine cells, and SV40 multiplies in simian cells. The products of their transcription units are not all identical; polyomavirus encodes one more early gene product (middle T antigen) than does SV40. There are sequence differences within the intergenic, regulatory regions of their genomes (20) . The latter include not only alterations in primary DNA structure, but also differences in the organization of the viral control elements such as the origin for DNA replication (31) , the early and late promoters (15, 24) , and the number and location of binding sites for regulatory proteins (15, 34) . We have begun to define the borders and to identify the important DNA sequences within these intergenic regulatory regions in polyomavirus and have compared their sequence and organization to similar control elements in other papovaviruses to derive general models for the initiation and regulation of DNA replication and transcription (24, 31, 34) . Because both viruses make extensive use of host cell machinery to implement these processes, we anticipate that what we learn about replication and transcription from studies of papovaviruses can be generalized to mammalian cells.
The replication of cycles of polyomavirus and SV40 occur in two temporal stages. The first, defined as the early phase, begins soon after infection and extends to the onset of viral DNA replication. During this time the viral early transcrip-* Corresponding author. tion units are expressed to yield the early proteins. Polyomavirus encodes three early proteins, large, middle, and small T antigen, whereas SV40 codes for two early proteins, large and small T antigen (20) . The synthesis of viral DNA signals the beginning of the late phase of infection. During this phase, the late transcription units are expressed to yield the three structural proteins of polyomavirus and SV40 VP-1, VP-2, and VP-3 (20) . Now the relative synthesis of transcripts from the early transcription unit is drastically reduced. Both the initiation of viral DNA replication and the repression of early mRNA synthesis at late times is mediated by large T antigen (7, 8, 44, 48) . The mechanism by which large T antigen performs these functions has not been elucidated in equal detail for both viruses. However, it is very likely that in both cases large T antigen must physically interact with specific viral sequences to effect both replication and early transcription (41) .
The large T antigens of polyomavirus and SV40 are both nuclear phosphoproteins with calculated molecular weights of 87,991 (785 amino acids) and 81,632 (708 amino acids), respectively, although direct measurements of their molecular weights have led to higher estimates of between 88,000 and 100,000 (20) . Both proteins exist as multiple molecular species (2, 11, 12, 19, 22, 27, 36) . A fraction of the oligomeric species of SV40 large T antigen, and perhaps of polyomavirus large T antigen, contain a cellular-encoded phosphoprotein, P53, also referred to as nonviral tumor antigen or Tau antigen (11, 19, 22, 26) . The biological roles of these various forms of large T antigen are not known with certainty, but they differ in their extent of phosphorylation and possess different activities in vitro (2, 11, 17, 36) . One activity of the large T antigen encoded by polyomavirus and SV40 is the capacity to hydrolyze ATP to ADP and Pi (14, 16, 21, 49) . Another activity is the capacity to bind to DNA (4, 14) . Polyomavirus large T antigen binds to at least two 926 POMERANTZ AND HASSELL sites within polyomavirus DNA (34) (Fig. 1) . One of these sites overlaps with DNA sequences which form part of the replication origin, whereas the other straddles sequences important for early mRNA synthesis (15, 24, 31) . SV40 large T antigen binds to three, closely spaced sites within SV40 DNA which occupy a region 120 to 180 base pairs (bp) in length (9, 40, 43, (45) (46) (47) (Fig. 1) . These large-T-antigenbinding sites overlap sequences which comprise the early promoter and origin for DNA replication (20) (Fig. 1) . Experiments with SV40 DNA and a large-T-antigen-related protein, the D2 protein, have shown that the guanine residues in the binding sites which are part of the sequence -GAGGC-are protected by the D2 protein from methylation with dimethyl sulfate (47) . This pentanucleotide is repeated in two of the SV40 large-T-antigen-binding sites (Fig. 1) . Repetition of this experiment under a variety of experimental conditions with authentic SV40 large T antigen has led to nearly identical conclusions (9) .
Inspection of the DNA sequences comprising the large-Tantigen-binding sites in polyomavirus DNA reveals that the related sequence -A/TGAGGC-is repeated in both of its binding sites (Fig. 1) . Fig. 3A and B) . We previously showed that polyomavirus large T antigen binds specifically to the Hinfl 4 fragment of pPH1-8 DNA (34), a result which is confirmed here (Fig. 3A) . When polyomavirus large T antigen was incubated with the end-labeled AvaIl-HindIll fragments of pSVO1 DNA, the second largest fragment in the mixture was selectively bound (Fig. 3B ). This fragment contains the three SV40 large-T-antigen-binding sites (Fig.  2) .
One of the problems encountered with this assay is the immunoprecipitation of DNA fragments other than those which contain the large-T-antigen-binding sites ( Fragment 4 contains the previously mapped polyomavirus large-T-antigen-binding sites (see Fig. 1 and 2 ). The dried agarose gel was exposed to film for 18 h. (B) Nuclear extract from polyomavirus-infected 3T6 cells was reacted with end-labeled fragments generated by AvaIl and HindIll cleavage of pSVO1 DNA (see Fig. 2 ). M represents a portion of the AvaIIIHindIII digestion products of pSVO1 DNA used as substrate. Fragment 2 contains the previously mapped SV40 large-T-antigen-binding sites ( Fig. 1 and 2 ). The dried agarose gel was exposed to film for 18 h. B). These fragments are immunoprecipitated to a lesser extent than those which contain the binding sites for large T antigen ( Fig. 3A and B) . The largest fragments are usually preferentially precipitated under these conditions (see especially Fig. 3A lanes 3 and 4 and Fig. 3B lanes 3 and 4) . We suspect that this occurs either because large T antigen binds nonspecifically to DNA fragments or because the protein binds specifically to weak recognition-binding sites in DNA. In addition, we have found that many preparations of antiserum contain DNA-binding proteins. Their interaction with the labeled DNA fragments also contributes to the background binding we observed.
To determine whether SV40 large T antigen would bind VOL. 49, 1984 on October 27, 2017 by guest http://jvi.asm.org/ 930 POMERANTZ AND HASSELL with specificity to DNA substrates which contain the binding sites for polyomavirus large T antigen, we measured its capacity to bind to defined fragments of pPSVE1 and pPH1-8 DNA (Fig. 2 and 4A and B). As expected, the nuclear extract containing SV40 large T antigen bound with specificity to the AvaII-HindIII 4 fragment of pPSVE1 DNA (Fig.  4A) . The latter fragment carries the sites of binding for SV40 large T antigen. In addition, the Hinfl 4 fragment of pPH1-8 DNA, which contains the sites of binding for polyomavirus large T antigen, was specifically bound by SV40 large T antigen (Fig. 4B) . These results show that SV40 large T antigen binds with specificity to a DNA fragment which contains the sites of binding for polyomavirus large T antigen.
To better gauge the affinities of polyomavirus and SV40 large T (Fig. 2) , and the fragments were end labeled and reacted with nuclear extract from SV40-infected CV-1 cells. The concentration of We also compared the binding of polyomavirus and SV40 large T antigens to DNA fragments which contained the SV40 large-T-antigen-binding sites (viz., pPSVE1 DNA) (Fig. 6) . These results showed that both large T antigens bound specifically to the Avall-HindIl 4 fragment of pPSVE1 DNA. However, unlike the results obtained previously, the affinity of polyomavirus large T antigen for the DNA fragment containing the SV40 large-T-antigen-binding sites appeared to be less than that of SV40 large T antigen (Fig. 6) .
In (-CGGGATCCCG-) , BclI (-CTGATCAG-), and ClaI (-CATCGATG-) linkers. Polymers of these linkers do not form the -GAGGC-repeat. The results of measuring the binding of polyomavirus large T antigen to these DNA substrates are shown in Fig. 7 . Only the ligated XhoI linkers were specifically bound after reaction with nuclear preparations of polyomavirus large T antigen. Moreover, the largermolecular-weight polymers were preferentially bound by polyomavirus large T antigen (Fig. 7) . The smallest multimer of the ligated XhoI linkers to be bound was a pentamer. Pentamers contain four repeats of the -GAGGC-sequence per DNA strand, with each repeat separated from the adjacent repeat by 3 bp. Inspection of Fig. 7 also reveals that there was virtually no binding of polyomavirus large T antigen to the ligated BamHI, BclI, or ClaI linkers. This suggests that the background binding which we observed previously (see Fig. 3A and B) was caused by the specific binding of polyomavirus large T antigen to weak binding sites in the DNA.
We repeated this experiment but employed SV40 large T antigen in the binding assay (Fig. 8) . Again, the polymerized XhoI linkers were efficiently bound by SV40 large T antigen, but under identical conditions, polymers of BamHI, BclI, and ClaI linkers were not (Fig. 8) . Also shown in Fig. 8A was 100 ng/ml (lanes 1, 6, and 9), 50 ng/ml (lanes 2, 4, 7 and 10) and 25 ng/ml (lanes 3, 5, 8, and 11); 100 pg of each DNA substrate was run as a marker (M). The polyacrylamide gel was exposed to film for 18 h. SV40 large T antigen clearly binds to this substrate to a greater extent than does polyomavirus large T antigen. These data and those shown in Fig. 7 demonstrate that repeats of the pentanucleotide sequence -GAGGC-are recognized and bound by both polyomavirus and SV40 large T antigens under conditions which only allow for specific binding.
Binding of large T antigens of polyomavirus and SV40 to common DNA sequences. The data we obtained heretofore showed that both large T antigens were capable of binding with specificity to DNA fragments encompassing each other's binding sites, and that they were capable of binding to synthetic DNA substrates containing repeats of the pentameric sequence -GAGGC-. To prove that both large T antigens bind to the same sequences in polyomavirus and SV40 DNA and to prove that the important characteristic of this sequence is the repeat of the pentanucleotide, we conducted the experiments outlined below. First, we measured the capacity of various unlabeled polymers created by self-ligation of linkers to compete with labeled polyomavirus DNA as substrate in binding reactions with polyomavirus large T antigen. We repeated this experiment with SV40 DNA and SV40 large T antigen. Second, we determined whether the synthetic DNAs could compete effectively with SV40 DNA as a substrate when polyomavirus large T antigen was used as a source of protein and whether these synthetic DNAs could act as competitors in binding reactions with polyomavirus DNA and SV40 large T antigen.
To conduct these experiments, we end labeled the DNA fragments obtained by restriction endonuclease cleavage of various recombinant plasmids and reacted these with a fixed quantity of large T antigen and various amounts of unla- beled, self-ligated linkers. The latter included those linkers used previously, namely BamHI, BclI, ClaI, and XhoI. First, we measured the capacity of self-ligated XhoI linkers, which contain repeats of the pentanucleotide, to compete with the end-labeled Hinfl fragments of pPH1-8 DNA (the polyomavirus DNA-containing plasmid; Fig. 2A ) in binding reactions with a nuclear preparation of polyomavirus large T antigen (Fig. 9A ). They reveal that the self-ligated XhoI linkers served as very effective competitors with the naturally occurring polyomavirus sequences in binding reactions with polyomavirus large T antigen. By contrast, the selfligated BamHI, BclI, and ClaI linkers did not compete with polyomavirus DNA for the binding of polyomavirus large T antigen, even at concentrations at least 10 times greater than that required for effective competition with the self-ligated XhoI linkers (Fig. 9B) .
We repeated this experiment with the same competitors but with SV40 DNA as substrate and SV40 large T antigen ( Fig. 10A and B) . The results were the same as those reported above. The self-ligated XhoI linkers competed effectively with SV40 DNA for the binding of SV40 large T antigen, but none of the other self-ligated linkers did. In addition, we also observed that XhoI linkers which had not been ligated did not compete with SV40 DNA for the binding of the SV40 large T antigen (Fig. 10A ). This same result was obtained when monomers of the XhoI linkers were used as a competitor in binding reactions with polyomavirus DNA and polyomavirus large T antigen (data not shown). This result was not unexpected because the -GAGGC-sequence is only formed when the XhoI linkers are ligated to each other.
We also measured the capacity of the various self-ligated linkers to compete with SV40 DNA for the binding of polyomavirus large T antigen and vice versa. The results (Fig. 11) revealed that only the self-ligated XhoI linkers competed with SV40 DNA for the binding of polyomavirus large T antigen. This is indicated by the decrease in the intensity of the AvaII-HindIll 2 fragment that accompanied the inclusion of increasing quantities of self-ligated XhoI linkers in the binding reaction (Fig. 11A) . Similarly, only the self-ligated XhoI linkers competed effectively for the binding of SV40 large T antigen to the Hinfl 4 fragment of pPH1-8 DNA (Fig. 12) . The latter DNA fragment contains both sites of binding for polyomavirus large T antigen. These results strongly suggest that both large T antigens recognize and bind to the same sequences in either polyomavirus or SV40 DNA and that a crucial feature of these sequences is a repeat of the pentanucleotide -GAGGC-. Fig. 13 . Tjian (47) first proposed that the pentanucleotide was important for the binding of the D2 hybrid large T antigen (23) to SV40 DNA because the protein shielded the guanine residues in this sequence from methylation by dimethyl sulfate. Subsequently, measurements of the capacity of authentic SV40 large T antigen to bind to mutant SV40 DNA substrates confirmed the importance of the pentanucleotide. For example, a deletion of 21 bp within binding site I (between nucleotides 5207 and 5186) in the cs1085 SV40 mutant genome drastically reduces the capacity of SV40 large T antigen to bind to that site (10, 29, 45) . This deletion removes a pair of -GAGGC-residues in binding site I (Fig.   13B ). Similarly, DNA of the mutant cs1088, which contains multiple mutations in binding site I which change the guanine residues in both pentanucleotides to adenines, is also not bound by large T antigen (29, 45 (Fig. 13B) .
DISCUSSION
Although the occurrence of repeats of the pentanucleotide is sufficient to account for the binding of SV40 large T antigen to sites I and II in SV40 DNA, this sequence does not occur in site III. The latter is a low-affinity binding site, and SV40 large T antigen is incapable of binding to this site when it is separated from sites I and 11 (9, 10, 29, 33, 43, 46, 47) . Recently, DeLucia et al. (9) have identified 13 DNA pentanucleotide sites in SV40 DNA that are protected from methylation by SV40 large T antigen and derived a consensus sequence for them (-G/T A/G GGC-). Large-T-antigenbinding site III contains six of these pentanucleotides arranged as direct repeats within a 59-bp span of DNA (Fig.  13B) . It is likely that repetition of these weak recognitionbinding sequences (-TAGGC-, -GGGGC-, and -TGGGG-) in binding site III allows for the stable binding of SV40 large T antigen only after a fraction of the protein has already covered sites I and II.
The -GAGGC-pentanucleotide also occurs within large-Tantigen-binding sites I and II in polyomavirus DNA (Fig.  13A) . Here, the sequence -A/TGAGGC-is found repeated three times in binding site I and two or three times in binding site II, depending upon the strain of polyomavirus examined. Interestingly, the first nucleotide in each repeat is separated from the same nucleotide of the adjacent repeat by 10 We examined the sequences comprising the large-T-antigen-binding sites in polyomavirus DNA for sequences homologous to the consensus family derived by DeLucia et al. (9) . This led to the identification of three related sequences which are located between the -A/TGAGGC-repeats in binding sites I and II (Fig. 13A) . One such sequence, -TGGGG-(between nucleotides 128 and 134), forms a continuation of the repeats present in site I (Fig. 13A) . The other two sequences are separated from each other by 10 bp, but they occur at a distance greater than 10 bp from the repeats in sites I and II (between nucleotides 92 and 107) (Fig. 13A) . This set of repeats may constitute a third large-T-antigenbinding site in polyomavirus DNA that is located between those identified previously.
Interestingly, there are also four other pentanucleotides homologous to the consensus sequence derived by DeLucia et al. (9) , arranged as tandem pairs on each DNA strand (between nucleotides 5286 and 14) in our strain of polyomavirus. These sequences are located within the core of the polyomavirus origin for DNA replication (31) . Moreover, their arrangement is remarkably similar to the arrangement of the consensus pentanucleotides in binding site II of SV40 (Fig. 13B) . In SV40, binding site II comprises the core of the SV40 origin for DNA replication (1). Whether, the pentanucleotides in the polyomavirus origin for DNA replication comprise yet another large-T-antigen-binding site remains to be determined. In this regard it may be noteworthy that the A2 strain of polyomavirus does not contain three of the four repeats alluded to previously.
The affinity of SV40 large T antigen for the binding sites in SV40 DNA is nearly the same as that for the binding sites in polyomavirus DNA. However, polyomavirus large T antigen apparently binds tighter to the binding sites in polyomavirus DNA than to those in SV40 DNA. This interpretation rests 3) , unlabeled selfligated BcII linkers (lanes 4 to 6), and unlabeled self-ligated ClaI linkers (lanes 7 to 9) were 100, 500, and 1,000 ng/ml with respect to the three lanes of each. The lane labeled M contained a portion of the AvaII-HindIII fragments of pSVO1 used as substrate in the binding reactions. The dried agarose gel was exposed to film for 16 h (lanes 1 to 9) . However, the marker lane (M) was exposed to film for 3 h. The final photograph was prepared by splicing lane M to the others (lanes 1 to 9). on the fragile assumption that the preparations of the two large T antigens which we compared contained approximately equal numbers of active large-T-antigen molecules. If the difference in affinities for the two DNA substrates displayed by polyomavirus large T antigen is real, then this may reflect its requirement for a larger recognition-binding sequence in DNA. The hexanucleotide -A/TGAGGC-is repeated in the binding sites in polyomavirus DNA. By contrast, the pentanucleotide -GAGGC-is repeated in the binding sites in SV40 DNA (Fig. 13) . A plausible explanation for these observations is that polyomavirus large T antigen preferentially recognizes the hexanucleotide, whereas SV40 large T antigen recognizes the pentanucleotide. This hypothesis is supported by the observation that SV40 large T antigen binds more readily to the self-ligated XhoI linkers containing repeats of the pentanucleotide tha~n does polyomavirus large T antigen.
A single pentanucleotide or hexanucleotide is not likely the sole feature of the large-T-antigen-binding sites important for recognition and binding. These sequences occur often in isolation within SV40, polyomavirus, and pBR322 DNA, but DNA fragments which bear them are not invariably bound by large T antigen. For example, the sequence -GAGGC-occurs a total of 14 times in SV40 DNA and is represented six times within the boundaries of binding sites I and II in SV40 DNA. Similarly, this pentanucleotide is present a total of 20 times in polyomavirus DNA and occurs seven times between the borders of the two known large-Tantigen-binding sites. Finally, -GAGGC-occurs 15 times in pBR322 DNA; however, in no instance do these sequences occur close to each other (the shortest spacing between any two of these pentanucleotides is 55 bp). These observations suggest that the specific binding of SV40 and polyomavirus large T antigen to DNA is facilitated by repeats of the pentanucleotide or the hexanucleotide within the binding sites.
The minimum number of -GAGGC-repeats required for the efficient binding of polyomavirus or SV40 large T antigen to DNA is likely two. This is indicated by the observations that only two repeats are required for the efficient binding of polyomavirus large T antigen to either binding site II in polyomavirus DNA (34) 1 to 3) , the self-ligated unlabeled BclI linkers (lanes 4 to 6), and the self-ligated unlabeled CIaI linkers (lanes 7 to 9) were present at concentrations of 100, 500, and 1,000 ng/ml with respect to the three lanes of each. The lane marked M contained a portion of the labeled DNA used as substrate in these reactions. The dried agarose gel was exposed to film for 6 h. Similarly, SV40 large T antigen binds efficiently to binding site II in polyomavirus DNA and to binding site I in SV40 DNA. Each of these large-T-antigen-binding sites contains the -GAGGC-pentanucleotide repeated only twice (Fig. 13) . Interestingly, the smallest ligated XhoI linker species to be bound by either polyomavirus or SV40 large T antigen is a pentamer. Pentamers of the XhoI linkers contain four repeats of the -GAGGC-sequence per DNA strand (Fig. 13C) . If only a tandem duplication of the -GAGGC-sequence is required for binding, then we should have observed binding of the two large T antigens to dimers or trimers of the ligated XhoI linkers. One explanation of this discrepancy is that the incapacity of the large T antigens to bind to ligated XhoI linkers smaller than pentamers may reflect their requirement for a minimum length of DNA (>40 bp) for efficient binding. Alternatively, the weak binding-recognition sequences described by DeLucia et al. (9) neighboring the -GAGGCrepeats in binding site II in polyomavirus DNA and binding site I in SV40 DNA may contribute to the facility with which the large T antigens recognize and bind to these sites.
There appears to be a correlation between the spacing of the -GAGGC-sequences in the binding sites in SV40 DNA and the affinity of SV40 large T antigen for these sites. For example, the affinity of SV40 large T antigen is greatest for site I where 7 bp intervene between the pentanucleotides (Fig. 13B) (32, 48) . However, site II is bound poorly by large T antigen, and here the pentanucleotides are separated by only 1 bp (Fig. 13B) . By contrast, the hexanucleotides which are repeated in the large-T-antigen-binding sites in polyomavirus DNA are all separated by 4 or 5 bp, and polyomavirus large T antigen binds with approximately equal affinity to both binding sites in polyomavirus DNA (Fig. 13A) (34) . This suggests that the spacing between the putative recognition sequences is important for the binding of the large T antigens. Apparently when the distance between the first base in adjacent pentanucleotides is close to 10 bp, then the site is tightly bound by large T antigen. This generalization also applies to the weak recognition signals in site III of SV40 DNA. Here the sequence -GGGGC-or -TGGGC-is repeated five times, and the first base in each repeat is separated from that same base in the adjacent repeat by 8 to 11 bp, depending upon which pairs of repeats are compared (Fig. 13B) 130) , after alignment of the two sequences to maximize homology between them. The extent of relatedness between the two proteins across the origin-binding domain is 23%, which is less than that displayed over the entire length of the molecules (36%). However, much of this homology is clustered between amino acids 124 to 130 in SV40 large T antigen and amino acids 278 to 284 in polyomavirus large T antigen. Here, six of the seven amino acids are identical between the two T antigens. Moreover, four of the amino acids in this region of SV40 large T antigen are basic amino acids, whereas three in polyomavirus large T antigen are basic amino acids. Because the two large T antigens recognize the same or very closely related DNA sequences, it is likely that the protein-DNA contacts are mediated by the side chains of the same or related amino acids in the two proteins. The side chains of the short stretch of basic amino acids described previously in polyomavirus and SV40 large T antigen may be those which directly contact the -GAGGC-sequences in the viral genomes. This suggestion can be tested experimentally. Whatever the outcome of such experiments, it will also prove interesting to determine whether the two large T antigens can functionally substitute for each other in any of the activities which are unique to large T antigen (i.e., repression of early transcription and initiation of viral DNA replication). (42) . The strain of polyomavirus used in this research, which we refer to as Al, differs in sequence from that of the A2 strain at several positions. The A/T bp at nucleotide 5 is replaced by a G/C bp in the Al strain, and the Al strain contains an insertion of 2 bp between nucleotides 14 and 15. Moreover, the Al strain is deleted of 10 -) is shown. The symbols used are the same as those described above. However, the boxes were omitted from the figure because they would have cluttered the drawing. Note that the -GAGGC-sequence highlighted by a horizontal arrow on one DNA strand partially overlaps with another on the opposite DNA strand.
